TAXONOMY OF THE POLEMONIACEAE; 

THE SUBFAMILIES AND TRIBES 


Verne Grant 

Sectlofi ol Integrative Biology and 
Plant Resources Center 
University of Texas at Austin 
AustinJX 78712, USA. 


ABSTRACT 

This paper presents a revised formal classification of the subfamilies and tribes ol the Polemoniaceae 
based on a synthesis of new and old characters and on a traditional taxonomic approach. The genera 
are grouped into nine tribes and three subfamiliesfCobaeoideae, Polemonioideae, Acanthogilioideaej. 
The five tropical and subtropical genera, which are basal in the lamily, fall into two primary groups: 
subfam. Cobacoideae, containing CcniMm. CuIruxl BonplunJia. and Locsclia: and sublam. 
Acanthogilioideae. containing Acanihuyilid. The temperate herbaceous genera, which are derived, 
also fall into two primary groups. The sublam. Polemonioideae. related to and evidently derived from 
the Cobaeoideae, contains Pu/enmn i uni Ci)lh)nii(i Navarret ici Phlaw Idnauthiis, etc. The second main 
groupol temperate herbaceous genera is the tribe Gilieae, which is related to the tribe Acantfiogilieae 
and included in the same subfamily Acant hogilioideae with it. The Gilieae contains the genera Gi/ia, 
Hriastruni Ipomopsi.s, etc. This system diflers in numerous respects I rom the recent system ol Porter 
and Johnson (Aliso, vol. 19(1), 2000). based on a molecular cladistic approach. Different goals and 
methods produce different results. It is suggested that other plant groups, which have been revised in 
recent times according to molecular cladistic evidence and criteria, should also be revised by taxo¬ 
nomic methods. Updated taxonomic classilicat ions are needed lor the uselul leatures that they alone 
provide. 


RHSUMEN 

En este trabajo sc presenta una clasilicacion lormal revisada de las subfainilias y tribus de las 
Polemoniaceae basada en una sintesisde caracieres nuevos y viejos mediante un metodo taxonomico 
clasico. Los gchieros se agrupan en nueve iribus y tres sublamilias (Cobaeoideae. Polemonioideae, 
Acanthc:)gilioideae). Loscinco generos t ropicales \' subtropicales.que son basalesen la lamilia, cjuedan 
en dosgrupos primarios: subtam. Cobaeoideae, con Cantiici Cohaca, Bonplandia. y Loesclia; y subfam. 
Acanthogilioideae, con Aeantiwyilia. Los generos herbaceos templados, Cjne son derivados, tambien 
estan en dosgrupos primarios. La subfam. Polemonioideae, rclacionada y evidentemente derivada de 
Cobaeoideae, contiene a Polcmoniuni. (.all()nuci Navarret ia. Phlox, Linanthus, etc. El segundogrupo 
principal de generos herbaceos templados cs la tribu Gilieae, c|ue se relaciona con la tribu 
Acanthogilieae y esta incluida tambien en la misma sublamilia Acanthogilioideae. Gilieae contiene 
los generos Cilia, Hriastruw. Iponop^is. etc. Esie sistema dificre en numerosos aspeetos del sistema 
reciente de Porter y Johnson (Aliso, vol. \A\). 2000). basado en un metodo cladistico molecular. 
Diferentesobjetivos y metodos producer! resultadosdiiercntes.Sesugiere queotrosgruposde plantas, 
que han sido revisadc:>s recientemente con criterios y metodos cladistas molecularesdeberian revisarse 
tambien por metodos taxonomicos. Las clasilicaciones taxonomicas actualizadas sc necesitan por 
las caracteristicas que solo ellas pueden ol recer. 
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INTROnUCTION 


Research on systematiesol the Polemoniaeeac is going on in several laboratories 
at present and is produeing new' evidence eoneerning relation 
presents a revised elassil ieation ol the primary subdi\'isions ol the family—the 
siihlamilies and tribes—in the light ol the currentlv available inlormation. 



/\n earlier system (Grant ld5d) was constructed belore there wais much 
pollen-morphological evidence or any DNA e\'idenee. Both of these lines of 
evidence are very important lor elassil ieation (see Materials and Methods lor 
relerenees). The tw'o types ol evidence were used in a recent system (Grant 1998; 


sec 


Table 1). 

1 did not appreciate the lull potential ol the pollen evicienee in 1998. It w'as 
used there to distinguish groups at lew and middle taxonomic levels. In the re¬ 
vised system presented here it is used as a key character separating subfamilies. 

7\n important molecular survey ol the lamily w'as carried out by Johnson 
et al.( 199p), using the eh loroj'ilast gene niulK and a cladistie approach. This study 
recognized inkirmal groupings based on the DNA eladograms, many of which 
dillered Irom those in the Grant (19‘59) system. 1 took up .some of these new 
groupings but rejected others in a revised taxonomic classil ication (Grant 1998, 
1999; Grant Nr Day 1999). The ta.xonomic system of 1998-1999 dillcrs 



cantly from the molecular cladistie groupings of Johnson et al. (1996). 

Gladistie trcatmentsol other organcllar genes were made by various work¬ 
ers in this same period. The studies most relevant to this paper are listed in 
Materials and Methods. A complete list ol molecular studies in the lamily up to 
200() is given by Porter and Johnson (2(^00). 

Porter and Johnson (20()()) then used the available molecular evidence as 
t he main basis for a lormal system ol the lamily. The primary e 
branchings in the DN/\ eladograms become sublamilies in their system, the 
secondary elades become tribes, and the third-order chides become genera or 



small setsol genera. Formal taxonomic names are assigned to the groups. Good 
descriptions ol phenetie characters are given lor the groups. I lowever, it is diffi¬ 
cult to tell w'hat role these phenetie characters play in defining the groups; sets 
ol diagnostic characters are lacking. The groups are basically elades. Porter and 
Rihnson (200(), p. 55) describe their system as “a phyhygenetic classification of 
the Polemoniaceae.” It is what Mavr and Bock (20()2) call a 



Again, major dillerences exist between the cladistie system (Porter Nr 
lohnson 2()00) and the taxonomic system (Grant 1998,1999; Grant Nr Day 1999). 
/\ detailed analvsisand discussion ol these differences is ei\'en in Grant (2001). 


1 he incongruences persist in a comparison ol the molecular cladistie system 
with the revised taxonomic system presented in this paper. Some of the differ¬ 
ences are showm in 'Faille I. 
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Table 1 .Comparison of recent classification systems of the family. 


Grant 1959 

Grant 1998,1999; Grant and Day 1999 

Tropical and subtropical taxa 

Subfam. 1. Cobaeoideae. 

Tribe 1. Cantueae. 

Tribe 1. Cantueae. 

Cantua, Huthia 

Cantua, Huthia. 

Tribe 2. Cobaeeae. 

Tribe 2. Cobaeeae. 

Cobaea. 

Cobaea. 

Tribe 3. Bonplandieae. 

Tribe 3. Bonplandieae. 

Bonplandia, Loeselia. 

Bonplandia. 

Temperate taxa. 

Tribe 4. Loeselieae. 

Tribe 4. Polemonieae. 

Loeselia. 

Polemonium, Collomia, Allophyllum, 

Tribe 5. Acanthog'lieae. 

Gymnosteris, Phlox, Microsteris. 

Acanthogilia. 

Tribe 5. Gilieae. 

Subfam. 2. Polemonioideae. 

Gilia, Ipomopsis, Eriastrurn, Langloisio, 

Tribe 6. Polemonieae. 

Novarretia, Leptodactylon, Linanthus. 

Polemonium, Collomia, Allophyllum, 

Navarretia, Phlox, Microsteris, Gymnosteris. 

Tribe 7. Gilieae. 

Gilia, Ipomopsis, Eriastrum, Langloisia, 

J intinabulum. 

Tribe 8. Leptodactyloneae. 

Leptodactylon, Linanthus, Maculigilia. 

Porter and Johnson 2000 

System proposed here (2003) 

Subfam. 1. Acanthogilioideae. 

Subfam. 1. Cobaeoideae. 

Tribe 1. Acanthogilieae. 

Tribe 1. Cantueae. 

Acanthogilia. 

Cornua, (\ric\. Huthia). 

Subfam. 2. Cobaeoideae. 

Tribe 2. Cobaeeae. 

Tribe 2. Cantueae, 

Cobaea. 

Cantua (incl.HEvt/)/c7). 

Tribe 3. Bonplandieae. 

Tribe 3. Cobaeeae. 

Bonplandia. 

Cobaea. 

Tribe 4. Loeselieae. 

Tribe 4. Bonplandieae. 

Loeselia. 

Bonplandia. 

Subfam. 2. Polemonioideae. 

Subfam. 3. Polemonioideae. 

Tribe 5. Polemonieae. 

Tribe 5. Polemonieae. 

Polemonium, Collomia, Allophyllum, 

Polemonium. 

Navarretia. 

Tribe 6. Loeselieae. 

Tribe 6. Phlocideae. 

Loeselia, Gi Hast rum, Dayia, Bryantiella, 

Phlox, Microsteris, Gymnosteris. 

Aliciella, Ipomopsis, MIcrogilia, Eriasrrum. 

Tribe 7. Leptodactyloneae. 

Langloisia, Loeseliastrum. 

Leptodactylon, Linanthus, Maculigilia. 

Tribe 7. Gilieae. 

Subfam. 3. Acanthogilioideae. 

Collomia, Allophyllum, Navarretia, GIlia, 

Tribe 8. Acanthogilieae. 

Saltugilia, Lathrocasis. 

Acanthogilia. 

Tribe 8. Phlocideae. 

Tribe 9. Gilieae 

Phlox, Microsteris, Gymnosteris, Linanthus, 

Gilia, Ipomopsis, Eriastrum, Langloisia, 

Leptosiphon. 

Tifitinabiilum. 
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Claclists, on lincling dillcrcnccs between eladistie and taxonomie systems 
ol the same group, commonly attribute the dilterences to inadequacies in the 
taxonomy. Johnson et al. (1995) expressed this view ol the Grant (1959) system 
very clearly. Indeed,the 1959 system was old and in need ol repairin 1996. How- 
e\’er, there are also other explanations to consider. 

The basic consideration is that one system is a product ol taxonomy and 
the other a product ol cladistics. The two approaches have dilferent criteria, 
goals, and methods. Taxonomy groups organisms according to similarity aiul 
dillerence, cladistics groups them into ancestor-descendant lineages, 
not the same asclades. Taxonomy uses the traditional definition of monophyly 
whereas cladistics uses a special delinition ol its own. In taxonomy a mono- 
phyletic grotip is any group ol organistns descended Irom a recent common 
aticestor; in cladistics a group to qualily as motiophyletic nutst contain all the 
descendants ol the common ancestor (see reviews ol Mavr Gr Bock 2002, and 

y 

Grant 2003). 

The dillerences in the delinition ol a systematic unit and of monophyly 
atttomatically lead to incongruence between taxonomic anti cladistic systetus 
ol the satue group. A group circumscribed in a giv en way can be monophyletic 
in taxonomy but non-monophyletic in cladistics. And cladists frct|uently and 
incorrectly declare a taxonomic group to be non-monophyletic when it is mono¬ 
phyletic by the taxonomic delitiition. Many ol the disagreetnents between the 

sol the IMlemoniaceae (and other plant groups) 
can be attributed to the dillerences in working concepts and definitions (see 

Grant 2001, 2003). 

Where incongruences between rival systemsaredue tothe use of different 
working concepts, one system cannot be said to be right and the other wrong; 
hot h systems may be right by their own respective standards. The \uew held by 
many cladists, includingJohnson et al. (1996) in the Polemoniaceae, that a new 


taxonomic i 



cladistic treatment should replace a preexisting taxonomic treatment, is not 
justilied insolar as it is based on the working concepts. In fact, one could argue 
just the opposite. W'e should have both cladistic systems and up-to-date ta.xo- 
nomic classil ications, so that consumers ol systematic biology can have a choice. 

Other incongruences between taxonomic and cladistic systems of the 
Polemoniaceae are due to the evidence used. Mere we are com paring ta.xcmomy 
with molecular cladistics, phenetic characters with DNA sec(uencc variation, 
and broad databases whth narrow' ones. This aspect will be considered in tlie 
Discussion section. 

An up-to-date lormal taxonomic classilication of the Polemoniaceae is 
needed to complement the valuable cladistic treatment ol Porter and johnson 
(2000). The present paper deals with the subfamilies and tribes. An updated 
taxonomic treatment ol the genera and sections ol the temperate herbaceous 
lAilemoniaceae is also needed. Work has begun on selected temperate genera. 
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MATERIALS AND METHODS 


s 


I compiled a list of conventional taxonomic characters from the older litera¬ 
ture. I then sorted out the characters that distinguish groups at higher levels in 
the family, and set aside those that are diagnostically useful for genera and spe¬ 
cies. Character expressions were checked in the University of Texas Herbarium 
where desirable. 

Family-wide surveys ot particular microscopic and chemical character 
are very helpful. Such surveys are available for; chromosomes (Grant 1959, ch. 
6); pollen (Stuchlik 1967a, 1967b; Taylor & Levin 1975); wood anatomy (Carlquist 
et al. 1984); corolla venation (Day & Moran 1986); flavonoids (Smith et al. 1977, 
1982); and organellar DNA (several authors listed below). The older studies of 
chromosomes size (in Grant 1959) need to be repeated by modern methods of 
determining DNA quantity. 

Some of the characters vary at the upper taxonomic levels, and are used in 
this paper, while others vary at the generic and infrageneric levels. This is illus¬ 
trated by the flavonoids. 

The 1 lavonoids occurring in the family fall into three main groups; (A) the 
common types, kaempferol, quercetin, and myricetin; (B) 6-methoxyl lavonols; 
and (C) C-glycosylflavones (Smith et al. 1977). Variation in these is more useful 
taxonomically at the genus level than at the tribal level, and only a part of the 
llavonoid evidence is included in this paper. Smith et al.’s (1977) findings are 
recorded below lor the four tropical genera. One aspect, the presence or absence 
of types B and C is recorded below for the temperate tribes. 

Numerous featuresof the pollen show variation within the lamily. Day and 
Moran (1986) found that the spatial distribution of the pores is especially use 
ful diagnostically. Most members of the lamily tall into one or the other of two 
contrasting character states; pantoporate (pores scattered over the grain) or 
zonocolporate (pores equatorial). 

The corolla tube has live sets of three parallel and separate veins, one set 
for each corolla lobe. In most members of the family the veins anastomose to 
form a network in the corolla throat or lobes. In the tribe Leptodactyloneae, 
however, the veins are non-anastomosing. The character may not be well ex¬ 
hibited in small-flowered species of other tribes (Day &r Moran 1986). 
Family-widestudiesof DNA sequences have been carried out with chloroplasts 
(matK, ndliF), mitochondria {tuidlB), and ribosomes (ITS) (Steele & Vilgalys 
1994;Johnson et al. 1996; Porter 1997; Porter Nr Johnson 1998; Prather et al. 2000), 
The DNA relationships are clearly portrayed in thecladograms, and I have used 
these in constructing the taxonomic classif ication. However, 1 have not found a 
way to express the molecular evidence in verbal terms lor inclusion in the de¬ 
scriptions. The Porter and Johnson (2000) system is a good representation of 
the molecular clades (see Table 1). 




1376 


BRIT.ORG/SIDA 20(4) 


The molecular evidence isol ten but not always in agreement with the phe- 
netie evidence. In eases ol a conlliet 1 reexamine the phenetie evidence with 
the thought that it is best to have some phenetie characters to support the mo- 
Iceular characters. In the recent past (Grant G)98, l'-)Q9)and again lor the present 
study 1 have (ound some such correlated phenetie and molecular characters, 
and have made the appropriate taxonomic changes. II, however, molecular evi¬ 
dence alone ixTints in one direction, while two or more reliable phenetie char¬ 
acters point to a dillercnt taxonomic conclusion, 1 lol low the pheneties. In other 

s the right guide to 



words, I do not assume that the molecular evidence is. 
lol low. 

The descriptions in the lormal system consist mainly of the character states 
ol diagnostic characters. These can be regarded as the evidence supporting the 
taxonomic groupings. Good complete descriptions are given by Porter and 



The nomenclatural paragraphs ol the sublamilies and tril.ies contain the 
essential original names and recent names. Additional sx iionyms may be louncl 
in Grant (G)59). 


SYSTHM C^l- C'L.AS.sil-lt'ATlON 

Fani. Poleiiioniaccae Juss. Polcmoniaccac (as Polemonia j Jns.s.; Cicn. PI. 1 3('). I78 ATyI'I:: 

PoIcnuniiiiDi cdcnilciini L. 

Various life lorms from small trees to annual herbs, heaves mostiv alternate, 

J 

but opposite in Phlox, LcplochKlyloii and Lincnitluis. bloral plan o-O-'r-). G.o- 
rolla sympetalous w’ith epipetalous stamens, usually radial, sometimes bilat¬ 
eral. Gorolla veins mostiv anastomosing in the corolla throat or lobes, but non- 

V o 

anastomosing in Leptochut ylon and Li no ill h (i.s. Ovary sujxn'ior and Tear pel lary. 
Fruit generally a 3-eelled capsule, but 1- or 2-eelled in some species of 
Novoncl io. Original basic number .v = polyploids and aneuploids common. 

Mainly American hemisphere; several species in Furasia. About 347 spe¬ 
cies. These are grouped here into three sublamilies and nine tribes. The species 
are listed lor the tropical and subtropical tribes and genera. This is not feasible 
lor the speeies-i'ich temperate groups; lor these see the species lists in Grant 
(1454) and Porter and lohnson (2000). 


AN'.Ah^ TIOAL KPY TO TRIBIhs 

I. Seeds iiiG)5tly vviiicied (sonietio^es wingless);Ghit)rnc3S()mes sinall;tiopiLeil and soi3 



2. Sf)iny desert sl^iLib; deciduous cireen leaves io axils of spines; polk'O cono 


colporate; endendc in Baja California 


Acanthogilieae 


2. Not sfoinv desert shiubs with leaves as above; f.)o!len |.)antoporare; widesfoieaci 
in Aniencaii tfO[)ics and suloticopics. 

3. Calvx wliollv l3erbaceous;if3dividua! flowers not subtended lo' Irrat ls;lif(^ fori3i 


varies. 
















GRANTJAXONOMY OF THE POLEMONIACEAE 


1377 


4. Climbing vines; calyx sepals divided to base; leaves v^ith terminal tendrils 


Cobaeeae 


4. Not vines;calyx synsepalous; leaves without tendrils. 

5. Small trees and shrubs; Andes_ 


Cantueae 


5. Perennial herbs; Mexico and Guatemala 


Bonplandieae 


3. Calyx membranous with no or only small herbaceous regions; individual flow¬ 
ers subtended by bracts: shrubs and herbs _ 


Loeselieae 


1. Seeds without wings; chromosomes mostly medium-sized to large, but small in 1 
tribe; temperate and boreal. 

6. Pollen zonocolporate;seeds sandy or pale-colored;mostly in xeric habitats,com¬ 
mon in deserts __ 


Gilieae 


6. Pollen pantoporate;seed color varies; in various habitats. 

7. Seeds sandy or pale-colored; leaves opposite; leaves if cleft or divided are 


palrnately so;chromosomes sma 


Leptodactyloneae 


7. Seeds dark brown or black; leaves alternate or opposite; leaves if divided are 


pinnately so; chromosomes large or medium-sized. 

8. Leaves alternate; leaves pinnately cor-npound or lobed _ 

8. Leaves opposite,or absent in 1 small genus; leaves simple and entiie 


Polemonieae 

Phlocideae 


Subfam. 1. CobaeoideaeO. Don) Arn.,CobaeaceaeD. Don, Edinburgh Philos. ). 10:109- 

111. 1824. Subfam. CG)baeoidea Arn., Hncycl. Brittanica, ed. 7, 5:121. 1832. Subtam. 

J 

Cobacoideae Brand, PI Izr. 4(,250j:l'r). 1407. Type: Cohaea scYuu/pn.s Cav. 

Various life forms from small trees to herbs, in tropical and subtropical zones. 
Seeds mostly winged, sometimes wingless. Pollen pantoporate. Chromosomes 
small. 


Tribe 1. Cantueae Peter, Nat. PI lazfam. 4(,3a):45.1891. T'l Pti; Ctmdui /nevi/e/iYf Juss. 

Small trees and shrubs. Leaves simple with broad blade or pinnately divided 
and narrow. Calyx wholly herbaceous and synsepalous. Corolla radial to bilat¬ 
eral. Seeds flat with broad wings. All three groups ol llavonoids (A, B, and C) 
present (see Materials and Methods lor explanation of these groups). 2n = 54. 

Distribution and fu.vu.—Andes. One genus, Cantua, with twelve species: C 
hicoloi\ C. buxifolia, C. candclilla, C. cocrulca, C. cuzcoensis, C. flexuosa, C. 
longiflora, C. longifolia, C. ovata, C. pyrijolia, C. quercifolia, C. tornentosa. The 
former small genus Huthia has been submerged in Cantua by Porter and 
Johnson (2000) and Alan Prather (pers. comm.) who is currently studying the 


group. 1 am following these authors. 

Tribe 2. Cobaeeae (D. Don) Meisn., Cobaeaccae D. Don, Edinburgh Philos, f 10:104- 

111. 1824. Tribe Cobaeeae Meisn., Pi. Vase. Gen. 180, 273. 1834-1840. TYPE: Cohaca 
sea ndens Cav. 

Climbing vines. Leaves pinnately comp<'»und with a terminal tendril. Flowers 
large and solitary Calyx wholly herbaceous, sepals divided to base. Corolla ra¬ 
dial. Seeds 1 lat with broad wings. Has 1 lavonoids ot type A only. 2n = 52. 

Distribution and tu.x'u.—Tropical lorests Irom Mexico to Peru. One genus, 
Cobaea, with four sections and eighteen species; C acquatoriensis, C. asche?'- 
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.S(»/n’((i)c(, C hiciiiritii, C. uiniiniiiululd, C.JIciva, C. C lutcci, C. i)iindi\ C. 

puchyscpdlii^C. pui]ci'oiC.pcndulillo)'a,C. piinglci^C- ivtunclifloniC.scuncJcns, 

(.. shutchii, C. ^^tipuhnis, C. triiuiuc, C. tri/lora. Sec the recent monograph ol 
Prather ClQ‘-)Qj. 


Tribe 3. Bonplandieac Baill.. I list. Pi. 10:342. IBOO.TYri': Bonplciihlidgcminiflord 

Cav. 

Subshrubs w'ii h woody baseand herbaceous shoot. Leavessimple with a broad 
blade and serrate margin or lobed. Calyx wholly herbaceous and synsepahuis. 
C.orolla bilateral. Seeds plump with narrow' whngs or wingless, lias 1 hwonoids 
ol type 13 only. 2n = 30. 

Hist ri hill ion (uul /u.vu.—Mexico and Guatemala. One genus, Bonplcuidicn 
with two species, II vc mini flora and li linearis. 


Tribe 4. Loeselieae j.M. Porter & L.A. 

Loeselieae Vd:. Grant; Amer.). 13ot. c 




, Aliso 17:84. 8 |un 1008. Tribe 
. 17 )un 1008. Tvri:: Locsclia ciliala 


Subshrubs, perennial herbs, and annuals. Leavessimple with broad blade and 
entire or serrate margin. Inl lorescence bracts with prominent veins subtend 
individual I low'ers; these arc usually large and leal like, but may be small. Ca¬ 
lyx SN'nsepaloLis and membranous witli no or only small herbaceous regions. 
C.orolla radial or bilateral. Seeds witli narrow v\'ings iv wingless. Fhu’onoid 
groups A and C. present, but type B absent. In ^ 18. 

Hist ri hut ion and (t/.vu.—Mexico to southern Texas and Arizona and to 
northern .South /Vmerica. Olten in the temperate zone ol tropical mountains. 
Onegenus, Locsclia. with lilteen species: L. amplcclcns. L.cacriilca. L.ciliala. L. 
cordijolia. L.p,hindiiiosa. L. p.ra ml i flora, /..greggii, L. hinlonioriiin.L. involucrala, 
L. nicxicana. /.. ncpcl ifolia. L piunila. L. piirpiisii. L. rupcslris. L. rzedowski. .See 
lurner(1004) lor a recent generic treatment. 


Subfam. 2. Polemonioideae Brand., PI Izr. 4(250j: 3C’). 1407. Tvi’F.: I\>lcnuni i ion 


cticndciini I.. 


Subshrubs, perennial herbs, and annuals, ol temperate and boreal zones. Seeds 

not winged. Pollen pantoporate. Cdiromosomcs mostly large or medium-sized, 
but small in one tribe. 


Tribe 5. Polenioiiicac Am., Lncycl. Brittanica, ed. 7, 5:121. 1832. Tribe Poleinonieae 

Mcisn., Id. Va.se. Cicn. 27.3. 1834. T't i’i-: /^Weinouiiuii icicndcion L. 

Perennial and annual herbs. Leaves alternate. Leaves pinnately compound (.in 
Lolcmoniiini) or simple and pinnately lobed, or simple and entire in reduced 
l('>rmsCin the other genera). Capsule locules commonly containi 
each; sometimes many-seeded in N(/\'u/'/v(iL(. Seeds dark brown or black, some¬ 
times plump and rounded, sometimes small. Pollen generally pantoporate, but 








GRANTJAXONOMYOFTHEPOLEMONIACEAE 


1379 


zonocolporate in some species of Collomia. Flavonoids of type C absent; type B 
absent in Polcmoniuni and Allophyllum, but present in Collomia and 
Navaj'retia. Chromosomes medium-sized or large, x = 9 and 8. 

Distribution and tcixa—North America, extending to Eurasia. Genera: Po¬ 
lcmoniuni Collomia, Allophydlum, Navarrctia. About 78 species. 

Polcmonium is set apart from the other three genera by leal form and some 
molecular characters (Johnson ct al. 1996). It could well be separated in a tribe 
of its own, as in the Porter and Johnson (2000) system. On the other hand, it is 
allied to the other genera by seed and pollen characters and by other molecular 
evidence (Prather et al. 2000). A conservative disposition is made here. 

Tribe 6. Phlocideae Dumort., Anal. Earn. Pi., 25. 1829. Gruppe Phloginae Rchb., 

Handb. Nat. Pflzsystems, ed. 1, 194. 1837. Tribe Phlog icae Rohb. cx J.M. Porter & 
LA.Johnson, Aliso 17:84.1998. Tyi’i;: Phloxglaherrima L. 

Subshrubs, perennial herbs, and some annuals. Leaves or at least the lower leaves 
opposite; true leaves absent in the smal 1 genus Gymnostcris. Leaves simple with 
narrow blade and entire margin. Capsule locules mostly 1-seeded. Seeds brown, 

sometimes plump and rounded, sometimes small. Flavonoids ol type B lacking. 

but type C present. Chromosomes medium-sized or large, x = 7 and 6. 

Distribution and tuxu.—North America, extending to Asia. Genera: Phlox, 

Microsteris, Gymnostcris. About 66 species. 

Phlox (x = 7) could be derived Irom Collomia (x = 8) in the Polemonieae. 
Microsteris (x = 7) is a reduced annual derived from a perennial Phlox. 
Gymnostcris (x = 6) is a reduced leal less annual formerly thought to be close to 
Collomia', but phenetic and molecular evidence now indicate that its closest 
relative is Ph lox or Micm.steris (Porter Crjohnson 2000). See Ferguson and Jansen 
(2002) on molecular relationships in Phlox. 

Tribe 7. Leptodactyloneae V.F. Cirant, Amer. J. Bot. 85:746. 1998. TYPii: 

Lcptodactylon californicum I lookCr Arn. 


Subshrubs, perennial herbs, and annuals. Leaves mostly opposite. Leaves pal- 
mately divided, or simple and entire in reduced forms. Corolla veins non-anas¬ 
tomosing, in contrast to other tribes (sec explanation in Materials and Meth¬ 
ods). Capsule locules containing several to many seeds each, rarely 1-seeded. 
Seeds sandy or pale-colored, or sometimes brown in Lcptodactylon. Flavonoids 

of types B and C present. Chromosomes small, x = 9. 

Distribution and tuxa.—Semiarid and arid habitats including deserts in 
western North America, Genera; Lcplodactylon. Linani hits, Maculigiia. About 


50 species. 

In the system of Porter and Johnson (.2000), Linanl h us s.l. is subdivided 
intotwogenera.Lincinthus s.s.and Ix'plosiphon,on cladistic grounds.These two 
taxa are indeed well differentiated, but they are also united by some common 
characters, and they could be treated as either subgencra ol one genus or two 
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separate genera. A conservative treatment as LinaiUhtis s.l. is preferred here 
because it shows the relationships ol the two branches. Miiciiligiliii is a recent 


segregate genus lor the old distinctive desert s|X'cies Giliu nicU'uhiUi (see Patter¬ 
son ld8d;Cirant 1999). Muculigiliu inucuUild is probably a derivativ'e ol some 
xerophytic member ol l.iiuinlhits. 

l.ciHoducl v/(ni and Linunthits lorm r 



mus pair. 


This group was lormerly placed in the tribe Gilieae on macroscopic characters 
(Grant 1989), but the more recent evidence of flavonoidsand cpDNA and urDNA 
point to a relationship with Phlox (Smith et al. 1977, 1982; lohnson et al. 1995; 
Porter 1997). Lcpl()ilLictylon/IJluuUhus is placed in the tribe Phlocideae in the 
Porter and johnsoti (2000) system. 

I lowever, in other characters. Lcptoiliiclylon and Li no lU hus are unlike the 
Phlocideae (or f’olemonieae); namely, palmate leaves, non-anastomosingcorolk 


i 


veins,sandy or pale-colored seeds,small chromosotnes,and an affinity for setni- 
arid and arid habitats. The present treatment attempts to resolve the similari¬ 
ties and important dillerences by placing these genera in a separate tribe 

I.eptodactyloneae ne.xt to the Phlocideae. This makes lor a better delinition ol 
both tribes. 



Subfam. 3. Acaiiihogilioidoae (V.b. Grant)J.M. Porter Gr L A.Johnson, 

2000. rrihe Acanrhiyailioae V.li. Grant; Anicr. ). Bot. 88:744. 1998. T'll'i:: Cilio 

gloi ioso PM-and., Aconlhogilio gloi ioso A.G. Pa)' Gr R. Moran. 



Shrubs, subshrubs, and herbs of arid habitats, commonly in deserts, 
winged or wingless. Pollen zonocolporate. Chromosomes mostly medium-sized 
or large, but small in one tribe. 

Tribe 8. Acantbogilieae V.H. Grant, Amer. j. Bot. 88:744. 1998. Typi;: Cilio glorioso 

I5rand., Aconlhogilio glorioso A.G. lAiy & R. Moran. 

Spiny desert shrub. Leaves dimorphic, wdth primary leaves modified as persis¬ 
tent spines, and small deciduous green leaves iti the axils of the spines. Capsule 
locules containing 1-5 seeds each. Seeds I lat with broad wines. Chromosomes 

^ o 

smal 1. V = 9. 

Disl rihulion and /u.vu.—Hndemic in central Baja California. One gen us and 
species Aconlhogilio glorioso. Detailed inlormation about this interesting taxon 
is eiwn by Day and Moran (1985). 


Tribe 9. Gilieae (Rchb.) VL. Grant, Nat. I list. Phlox Lam. 120.19o9.GruppcGilioac 

Rchb.; 1 landh. Nat. PI Izsystcnis, cd. I, 194, 1837. Tribe Ciilicac |.M. Porter &r L.A. 
lohnson; Aliso 19:9). dOtXL TM’i;: Gil/a Liciniolo Ruiz Gr I8iv. 

Subshrubs, peretmial herbs.and annuals; not spiny. Leaves not dimorphic; leax’cs 
pinnately divided or dissected with narrow segtnents, or small and linear in 
reduced lorms. Capsule locules usually many-seeded. Seeds sandy or pale-col¬ 
ored, mostly angular, sotnetimes banana-shaped. Pollen generally 
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zonocolporate, but deviating toward pantoporate in some speciesol tricist rum. 
Flavonoidsof type Bpresent; type C uncommon (occurs in Cilia and luingloisia) 
or absent (Cilia, Ipomopsis). Chromosomes mostly medium-sized, sometimes 
large; x = 9,8, and 7. 

Distribution and tuxu.—Widespread in arid habitats, common in deserts. 
The genera as treated here are Cilia, Tintinabuluin, Ipomopsis, triastrum, 
Langloisia. About 105 species. 

A broad concept ol Cilia as a genus composed ol six sections is adopted 
here and elsewhere (Grant 1999,2001). Gilias.l. with a basic chromosome num¬ 
ber of X = 9 in all sections (and .x = 8 in part of one section) is basal in the tribe. 
Tintinabulum (x = 9) is a small specialized genus close to Cilia. Ipomopsis, 
Eriastrum, and Langloisia with x = 7 appear to be derivatives ol Cilia (Grant 

2001 ). 

Molecular cladistsconsider Cilia s.l. to be polyphyletic, and split it up into 
a series of small genera (Johnson et al. 1996; Porter & Johnson 2000). I contend 
that this viewpoint is based, first, on the cladistic definition of monophyly and, 
second, on an overreliance on the molecular cladograms, and that Cilia s.l. is 
monophyletic by the traditional definition of monophyly (Grant 1999, 2001). 


PHYLOGENY 


The Polemoniaceae is evidcntlv derived Iroin an ericalean stock (Brown 1938; 

J 

Porter & johnson 1998; Johnson ct al. 1999). The basal living lorms ol the tam- 
ily are the tropical and subtropical genera. There are live ol these iCanliia. 
Cobaea,Bonplandia,Locselia, AranthogiliaXall very different from oneanothcr. 
In this group Cantua comes closest to the ericalean stock, while the other gen¬ 
era exhibit derived characters ol one sort or another. 

The subtropical desert shrub, Acanthogi liu, dil ters markedly 1 rom Canl iia. 
but also shares some inconspicuous but signilicant characters with it (Day & 
Moran 1986). These workers suggest (p. 125) that ^^Acanthogilia may be a spe¬ 
cialized desert descendant ctI adiplcTid line also ancestral to Cantua." 

One of the significant characters is the spatial distribution ol pores on the 
pollen grains, whether pantoporate or zonocolporate. Ancither is ecological prel - 
erences: mesic or xeric. The pollen pcare character has proven to be a valuable 
marker for revising the classilication ol species groups and genera (Day Gr Moran 
1986; Grant & Day 1999), and can be extended to higher taxa. Cantua and three 
related genera (Cobaca, Bonplandia, and Loesdia. comprising the sublamily 
Cobaeoideae) are pantoporate and mesophytic. Acanthogilia is zonocolporate 
and xerophytic. Day and Moran’s (1986) hypothesis can be rephrased as the sug¬ 
gestion of an early split between the ancestors ol the pantoporate Cobaeoideae 
and the ancestor of the zonocolporate Acant hogi /ici. The molecular evidence ol 
Prather et al. (2000) is in agreement with this hypothesis. 

This split persists in the derived, temperate, mainly herbaceous tribes. Day 
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and N4oraii (IdcSCij point to characters which Ciliii and its close relatives share 
with Aid Hi ho^i I iii.The tribeGilieae.ascircninscribed hereand in Grant (N98), 
is zonocolporate and xerophytic. It could well have an unknown ancestor in 


coininon w 



The inid-hocene plant Ciiliscniuni Iroin Utah isclose toCiliu in a number 


ol characters (.Lott et al. 



. It is desirable to determine its pollen pore char¬ 


acter, 



The tribes Polemonieae and Phlocideae are pantoporate and generally 
mesophytic. They may be derived Irom a /kui/i/umiiu-like ancestor in the 
C-obaeoideae. The Polemonieae and Phlocideae extend into cold northern areas 
and are the only representatives of the family in northeastern North America 
and Purasia. The Leptodactyloneae is also pantoporate and is related to the 


Phlocideae but is xerophytic. 


The twG) main temperate phylads ol ten occur in the same area, especially 
i n western Nort h A merica, where some species or groups have crossed over from 
one Type ol habitat to another. In this situation the two phylads have given rise 
to s|xcies ol annuals which converge in their general morphological charac¬ 
ters. Por example, some small-l Iciwered species ol Allophvlliiiu (Polemonieae) 
closely resemble certain small-l lowered species of Giliu (Gilieae), and were 
mistakenly treated asGi/ict until reeentiv (Grant 1999; Grant Nr Dav 1999). 


DISCI LSslUN 


Several causal lactorscontribute to the ULtmerousdifferences between the taxo- 
mitiiic and molecular cladistic systetus ol tlie Polemoniaceae. Iwo of these are 
theoretical: (1) the use ol dillerent svstetnatic utiits, namelv, taxa atid clades; 


and (2) the application ol dil lerent del i nit ions ol tnc>tTophyly. These two I actors 


were discussed in the introduction. The two a 



use dil lerent evi¬ 


dence atid this ol cour.se leads to dillerent results. We will consider here: (3) 
ditlerences in the types ol characters used;and (4) dil lerences in the rangeand 
breadth of the database. 

(3) Molecular systematists working in the Polemoniaceae (atid other plant 
groups) use ON A sites in chloroplastsand mitochondria, which are partsof the 
cytoplasmic gencane. Phetietic characters used in taxonomy are detertnined 
mainly by the chromosomal genotne (see Ciratit 1975, 2003, lor review). Discor¬ 
dance between plastid and tnitochondrial evidence, on the one hand, and phe- 
netic characters on the other, can be expected and is often found. Ribosomes, 
also used in molecular systematics of Polemoniaceae and other families, are a 
part ol the chromosotnal genome. They can vary independent Iy of plastidsand 
mitochondria, and lor that matter, independetitly of unlinked chromosomal 
genes. Here again, incongruence betweeti the various sources of evidence can 
be expected (see Gratit 2(X')3, lor lurther discussion). 

(4) Molecularcladistic treatmentsof the Poletnoniaceae (and those of other 
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plant groups) are based on one or a few genes. The treatment of Johnson et al. 
(1996) blocks out informal systematic groups on the basis of one chloroplast 
gene. Taxonomic systems, by contrast, are based on numerous phenetic char¬ 
acters determined by scores or hundreds of genes and gene systems (Grant 1975, 
for review). These contrasts between approaches represent the extremes. Mod¬ 
ern taxonomists utilize the DN A evidence of molecular systematists. And many 
molecular cladists incorporate phenetic characters in reaching their conclusions. 

Factors (1) and (2) bring about different results but do not affect the accu¬ 
racy of the results, as noted in the introduction. The type and range of charac¬ 
ters (factors 3 and 4) do have an effect on the robustness of the results. Molecu¬ 
lar cladograms are essentially gene trees, or character phylogenies to use an 
older term. Single characters often work well in one part of a group but break 
down elsewhere in the same group. If the goal is a natural classification ot whole 
organisms, one must assemble a broad range of characters, some of which may 
conflict with others, and one should then follow the weight of the evidence, as 
is standard procedure in taxonomy. 

Taxonomic classifications thus have certain methodological advantages. 
Another advantage lies in the area of convenience and desirability. Named simi¬ 
larity groups, and hierarchies of such groups, are generally useful for identifi¬ 
cation, information retrieval, and cataloging. It would be difficult to write a 
flora, using clades instead of taxa, and such a flora would be difficult to use if it 
were written (see Diggs & Lipscomb 2002). 

For several reasons, therefore, it is desirable to make an updated taxonomic 
classification of the Polemoniaceae available. But why stop with the 
Polemoniaceae. Numerous other plant groups have been revised recently by 
molecular cladistic methods, but are represented in the literature by old taxo¬ 
nomic treatments. These groups should also be re-revised by taxonomists, us¬ 
ing the new molecular evidence, but handling all the evidence by taxonomic 
methods. Plant taxonomy has much work to do. 
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